Abstract -A low-background detector designed to search for weak radioactive pollution by 208 Tl and 214 Bi in thin samples of a large area is described. The samples are 12-m 2 source foils made of 82 Se or 150 Nd enriched isotopes. Such samples are planned for use in investigating neutrinoless double β decay in the SuperNEMO experiment. The principle of the detector operation is based on registering the delayed β -α coincidence from the uranium and thorium radioactive chains. The sensitivity of the detector is planned to be at the level of 208 Tl < 2 μ Bq/kg and 214 Bi < 10 μ Bq/kg. Alternate versions of the detector are described. The first results obtained by the prototype detector, operated in the Frejus Underground Laboratory in France, are presented.
INTRODUCTION
Today's experiments in searching for neutrinoless double β decay (0 ν 2 β ), as well as projects of next-generation experiments, have run into a serious problem in monitoring the radioactive purity of structural materials. The required sensitivity of the experimental data is so high that the traditional low-background semiconductor detectors aren't sensitive enough to reveal the radioactive contamination of structural materials by the uranium and thorium series of natural radioactivity. To cite one example, the sensitivity attained in [1] with a low-background semiconductor detector is as great as 12.3 μ Bq/kg for 238 U and 4.06 μ Bq/kg for 232 Th when determining the contamination of samples by uranium and thorium. This problem is particularly pressing for sources made in the form of large-area thin foils, as in the SuperNEMO experiment [2] . SuperNEMO is a next-generation experimental project to search for 0 ν 2 β decay based on the track-calorimeter methods and is currently successfully being used in the NEMO-3 experiment [3] (Frejus Underground Laboratory, France). The preferred isotopes in SuperNEMO are 82 Se and 150 Nd. The expected half-life is T 1/2 ≥ 10 26 yr, which corresponds to the limitation on neutrino effective mass 〈 m ν 〉 ~ 50 meV. This calls for the development and creation of new supersensitive instruments to measure extra-low levels ~ μ Bq of 208 Tl and 214 Bi admixtures (which are the main contributors of background) in structural materials and most notably in source foils.
THE BiPo DETECTOR CONCEPT
The SuperNEMO collaboration's goal was to devise a universal high-sensitive detector for assessing the degree to which thin (30-50 μ m) source foils were contaminated by radioactive isotopes of uranium and thorium series. The detector was primarily designed to determine the content of 208 Tl and 214 Bi, which are the main background source in the search for 0 ν 2 β decay in the SuperNEMO experiment, in the examined samples. The requirements imposed on the detector that is being created are the following: the area of the source under study is 12 m 2 ; the weight is 5 kg; and the measurement time is no more than one month, with a 208 Tl sensitivity of < 2 μ Bq/kg and 214 Bi sensitivity <10 μ Bq/kg.
Observing the so-called BiPo process (a sequence of decays of radioactive bismuth and polonium isotopes followed by an emission of charged particles) allows one to reach such a sensitivity. This process is part of the chain of radioactive decays of natural-radioactivity uranium and thorium (Fig. 1) . The energies of the electrons and α particles produced in these decays are sufficient enough for them to be registered adequately in plastic scintillator detectors; the mean lifetimes of the intermediate isotopes are no longer than several hundred microseconds, which permits the sequential registration of decays. The detector being developed by the collaboration (subsequently referred to as BiPo detector) will register the time and space coincidences of signals from the electrons of the β decay of bismuth isotopes (Bi) and signals from the α particles of the α decay of polonium isotopes (Po).
THE BiPo-1 DETECTOR One proposed version of the detector, the BiPo-1, is depicted in Fig. 2 . It comprises an array of plastic scintillation detectors, plates 20 × 20 cm in area placed on each side of the source foil under study. Arranged one against another, the detectors are united into pairs in which delayed coincidences caused by successive decays are expected and the energy of the registered The BiPo Low-Background Detector Project
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particles is measured. The coordinate of an event in the studied source foil is determined from the location of a detector pair.
The sought-for sequence of β -and α -decay events ( 212 Bi-212 Po) in the search for 208 Tl in the BiPo-1 detector will appear as the response of one scintillation detector of the pair and then the response of the other one, delayed in time by up to 1 μ s (about three halflives of 212 Po). The time slot between the successive responses of the scintillators for the event search from 214 Bi is 500 μ s (about three half-lives of 214 Po).
The proposed method for registering successive radioactive decays will, to a large extent, enable one to eliminate the effect of background counts typical for one-detector systems. The geometrical efficiency of registering such events is 50%, because the electron and α particle must fly in opposite directions after a chain of decays.
BiPo-2 DETECTOR
Concurrently with BiPo-1, the BiPo-2 detector project is under development (Fig. 3) , which involves the use of more intricate scintillation detectors. In the BiPo-2 project, the plastic scintillators are larger in area (75 × 75 cm) and connected with a few photomultipliers. Like in the BiPo-1 version, the examined source foil is placed between the two plates of the scintillators. The plate surfaces in contact with the source are without coating and highly polished. Polishing the plates will allow the light inside the scintillator to propagate, as in a light guide, at an angle of total internal reflection from the particle absorption site to the photomultiplier photocathode. A particle of a particular energy, being absorbed in different places in such a plate, will evoke different responses in the scintillation detector.
The reason for this is that, on the way to the photomultiplier photocathode, some light is absorbed in the scintillator. So, a relationship among the amplitudes from the photodetectors will allow the coordinate of the α particle and electron escaping from the source foil to be determined.
The advantage of BiPo-2 over BiPo-1 is the smaller total number of photodetectors needed for creating the entire setup. However, the procedure of data processing in BiPo-2 is incommensurably more complicated. One basic guideline in deciding which version to employ for the further development of the setup is how accurate the reconstructed coordinate of an event should be. A breadboard of the BiPo-2 detector is now in making. 
